1.
Introduction Nocturia (waking from sleep at night to void) [1] is one of the most common and bothersome urinary symptoms [2] . Nocturia is associated with impaired quality of life, and is a significant cause of sleep disruption. Nocturia may increase fracture and mortality risk [3, 4] . Cross-sectional studies suggest that older age increases the risk of nocturia [5] , and studies have identified additional risk factors, suggesting a multifactorial etiology [6] . Little is known, however, about patterns of progression and remission of nocturia over time, knowledge of which would facilitate shared decision-making about the initiation and continuation of therapeutic options between patients and healthcare providers [7] .
Conventional systematic reviews that compare one treatment against another or against a nontreatment control are common and the methods are well established [8] . However, systematic reviews and meta-analyses addressing natural history or prognosis of symptoms are rare, and require methodological innovation. Although investigators have conducted longitudinal studies addressing nocturia, summarizing the data is challenging, with variation between assessment tools, case definitions, and analytic strategies [6] . The primary aim of this systematic review was to explore and compare, using different analytical methods and definitions, the average annual cumulative incidence and remission of nocturia. We also aimed to examine progression of nocturia, and further develop methods for systematic reviews and meta-analyses assessing natural history and prognosis of symptoms.
Evidence acquisition
We registered the review protocol (PROSPERO: CRD42012001985), and followed the Preferred Reporting Items for Systematic reviews and Meta-Analyses guidance [9] . No ethical approval was required. 
Eligibility criteria
We included longitudinal studies with a follow-up of at least 3 mo reporting the incidence, progression, remission, or change in prevalence in a primarily [ 1 1 _ T D $ D I F F ] non-care seeking adult population. We excluded studies in which the aim was to assess the effect of any intervention, including those with untreated control arms. We also excluded studies assessing lower urinary tract symptoms (LUTS) in patients with any specific health disorder. Finally, we excluded studies assessing the impact of pregnancy or delivery on LUTS if the baseline LUTS assessment was carried out either during pregnancy or in the 1st postpartum year.
Study selection and data extraction
We developed standardized, pilot-tested forms together with detailed instructions for screening of abstracts and full texts, risk of bias assessments, and data extraction. The reviewers conducted pilot screening and data extraction exercises to achieve a high level of agreement. Pairs of reviewers, independently and in duplicate, screened study reports for eligibility, assessed risk of bias, and collected data from each eligible study. Reviewers resolved disagreements through discussions; one of two adjudicators resolved remaining disagreements. When more than one report provided data from the same study, we used the most complete report, and additionally combined data from less complete reports where possible. We recorded the country/source of study sample, age and sex distribution, exclusion criteria used in individual studies, assessment tools used for nocturia, follow-up time, sample size including response rate, as well as incidence and remission rates of nocturia.
Assessment of risk of bias
One challenge for a systematic review of symptom prognosis is that risk of bias criteria, as well as criteria for overall certainty in estimates, although well established for reviews of therapeutic trials, are controversial in observational studies [11] . Through iterative discussion and consensus building, and informed by prior literature 
For cumulative incidence and remission rates, personyears were calculated by multiplying the number of individuals without/with nocturia (for incidence and remission, respectively) at the follow-up by follow-up time (simple cumulative incidence methodology). Standard errors and 95% confidence intervals were calculated for natural logarithms of incidence/remission rates per 1000 personyears of follow-up. In the case of zero events, a correction of 0.5 was added to observed events and person-years to enable calculation of confidence intervals. Finally, we also used actuarial cumulative incidence methodology for sensitivity analyses (Supplementary Appendix 3).
We calculated pooled rates of incidence and remission of nocturia using the DerSimonian-Laird random effects inverse variance method. Rates were expressed as observed events per 1000 person-years of follow-up. If a study provided more than one definition for incidence/remission of nocturia, when pooling data, we preferred nocturia estimates using a definition of two or more voids/night. Analyses were also carried out for three age groups (18-39 yr, 40-59 yr, and 60 yr and over) as earlier research suggest substantial differences between individuals in young adulthood, middle age, and in older age [5] . Finally, we measured estimates stratified by sex and across the three nocturia case definitions (defined as 1, 2, or 3 voids/night).
We employed prespecified hypotheses to examine heterogeneity using meta-regression analysis weighted by the inverse of the variance in a random effects model. Separately for each nocturia case definition (1, 2, or 3 voids/night), we examined the following variables as potential sources of heterogeneity: (1) mean age, (2) sex distribution, (3) length of follow-up, and (4) risk of bias. For incidence, we had prespecified hypotheses that effect estimates would be higher for: (1) older age, (2) higher proportion of male population, (3) shorter follow-up time, and (4) lower risk of bias. For remission, we had prespecified hypotheses that effect estimates would be higher for: (1) younger age, (2) higher proportion of female population, (3) shorter follow-up time, and (4) lower risk of bias.
To illustrate the relation of nocturia incidence and remission with nocturia prevalence, we estimated the (baseline) prevalence of nocturia 1, 2 and 3 episodes/ night using a previous comprehensive systematic review addressing the prevalence of nocturia [5] .
We narratively summarized the studies on progression of nocturia but did not pool estimates because too few studies on progression were included in our meta-analysis. Statistical analyzes were performed using metan and metareg in Stata 12.1 (StataCorp, College Station, TX, USA) [17] .
3.
Evidence synthesis
Literature search and study characteristics
We screened 4165 abstracts and retrieved 74 full texts and two eligible conference abstracts (Fig. 1) . Sixteen studies provided usable data from 15 142 men and 18 726 women (Table 1) . From these 16 studies, two provided proportional measures of progression and remission of nocturia among all persons in follow-up but did not report actual number of incident or remitting cases [18, 19] . Similarly, one study provided only periodic prevalences of nocturia but not data of incident or remitting cases [20] . We were therefore able to include 13 studies (114 964 personyears) in meta-analyses of incidence and remission rates of nocturia [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] . Table 1 
Risk of bias
Of the 16 included studies, 10 (62%) were at high risk and six (38%) at low risk of bias (Fig. 2) . Of these 16 studies, 14 (88%) accurately assessed nocturia both at baseline and at followup, nine (56%) had little missing data in the follow-up, and eight (50%) used representative source populations.
Incidence
In meta-analyses of the incidence rates of nocturia (12 studies, five low and seven high risk of bias), the pooled average annual cumulative incidence was 4.9% (95% confidence interval 4.1-5.8, I 2 = 98.6%; no difference between simple and actuarial cumulative incidence methodology; Fig. 3 ; Supplementary Fig. 1 ). With age stratification, annual incidence increased with increasing age: 0.4% (0-0.8%, I 2 = 65.1%) for adults aged < 40 yr, 2.8% (1.9-3.7%, I 2 = 98.1%) for adults aged 40-59 yr, and 11.5% (9.1-14.0%, I 2 = 98.8%) for adults aged 60 yr (Fig. 3) . Pooled incidence rates did not significantly differ by nocturia case definition (4.1% (3.0-5.2%) for 1 episode per night, 4.4% (3.6-5.2%) for 2 episodes per night, and 3.7% (2.4-5.1%) for 3 episodes per night; Supplementary Table 1) . In multivariable meta-regression, (borderline) significant predictor for higher incidence was older age (4.7% increase/decade for 1 voids/night, -1.4 to 10.8, p = 0.12, 2.5% increase/decade for 2 voids/night, 0.1-4.9, p = 0.04; and 2.6% increase/decade for 3 voids/night, -0.2 to 5.4, p = 0.06). Follow-up time, sex distribution, or risk of bias were not strongly suggestive of higher or lower incidence of nocturia (Supplementary Table 2 ).
Remission
In meta-analyses of remission rates of nocturia (12 studies, five low and seven high risk of bias), the pooled average annual cumulative remission was 12.1% (9.5-14.7%, I 2 = 97.8%; no difference between simple and actuarial cumulative remission methodology; Fig. 4 ; Supplementary  Fig. 2 ). With age stratification, annual remission rates did not differ by age: 11.1% (3.7-18.5%, I 2 = 0.0%) for adults aged < 40 yr, 9.4% (6.2-12.6%, I 2 = 94.1%) for adults aged 40-59 yr, and 13.9% (9.0-18.8%, I 2 = 98.8%) for adults aged 60 yr (Fig. 4) . Pooled remission rates for nocturia increased with higher nocturia case definition: 6.7% (4.5-8.9%) for 1 voids/ night, 15.5% (10.4-20.6%) for 2 voids/night, and 22.3% (13.2-31.3%) for 3 voids/night (Supplementary Table 1 ). In multivariable meta-regression, age, sex distribution, follow-up time, or risk of bias were not consistently suggestive of higher or lower remission of nocturia (Supplementary Table 3 ).
3.5.
Relation between incidence and remission rates with baseline prevalence of nocturia Figure 5 illustrates the relation of baseline prevalence (of having or not having nocturia) with (average annual) cumulative incidence and remission. For instance, baseline prevalence is 5% for 3 nocturia episodes. Therefore, 5% of population are ''at risk'' of nocturia remission and 95% are ''at risk'' of nocturia incidence. According to our metaanalyses (Supplementary Table 1 ), cumulative incidence is 3.7% (2.4-5.1%) and cumulative remission is 22.3% (13.2-31.3%) for 3 nocturia episodes. However, due to the baseline prevalence, indeed more incident than remittent nocturia cases emerge annually and the prevalence therefore grows with age (Fig. 5) .
[ a Mean age at the midpoint of the follow-up; to estimate the mean age at the moment of nocturia incidence/remission in the study population, half of the duration of the follow-up time was added to the mean age at the baseline. b Three studies were not included in the meta-analyses. c Age information at the time of delivery. We used data from nocturia observations that were collected between the 7th and 12th postpartum years. [
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Fig. 5 -Relation of annual incidence and remission rates of nocturia to baseline prevalence of at least one void per night (30%), at least two voids per night (12%), and at least three voids per night (5%).
Progression of nocturia
Three studies provided proportional measures for progression/remission of nocturia [18, 19, 28] . In a Scottish study conducted among middle-aged and elderly men [18] , progression of nocturia occurred in 40% and remission in 10%, whereas in 50% of men nocturia remained unchanged after 5-yr follow-up. In an Austrian study also conducted among middle-aged and elderly men [19] , progression occurred in 28%, remission in 27%, while in 45% of men nocturia symptoms were unchanged. An Austrian study conducted among women of all adult ages [28] , reported after [ 1 4 _ T D $ D I F F ] 6.5-yr follow-up, progression from one void to at least two voids per night occurred in 21% of women with one void per night at the baseline, and remission to one void per night in 23% of women with at least two voids per night at the baseline.
Strengths
To our knowledge, this is the first systematic review assessing the natural history of nocturia. The strengths of this review include a contemporary and comprehensive search of both published and unpublished studies without language restrictions, the duplicate assessment of eligibility and data extraction, and the appraisal of risk of bias. Although randomized trials provide estimates of treatment effect with the lowest risk of bias, populations enrolled are likely to differ from general populations in a variety of ways, making their application to general populations limited [34] . Hence, we chose to provide estimates from observational studies of unselected patients; such studies are likely to be the best source of estimates of prognosis. We used appropriate statistical methods to generate pooled estimates, followed a prespecified data analysis plan, and employed a limited number of important and plausible hypotheses to explore potential determinants of heterogeneity, and applied novel approaches to risk of bias assessment [14] . Finally, sensitivity analyses did not change results appreciably.
Limitations
The limitations of our review are largely the weaknesses of the eligible studies. Firstly, included studies use several different instruments for assessment with different definitions of nocturia. Secondly, variation in follow-up times makes comparison of estimates for incidence and remission rates of nocturia challenging because of the fluctuating nature of this symptom [35] . Pooling the rates from studies with follow-up times varying from 6 mo to 16 yr (Table 1) necessarily involves some approximation when trying to estimate average annual incidence and remission. These studies have included some people with interventions and are therefore somewhat limited as not entirely representing the ''natural'' history. Another important limitation is the very wide differences between rates of both incidence and remission across studies, differences that could be partially explained by age. Differences in age distributions and follow-up times between male and female studies limited the comparability of the estimates between sexes. Finally, although identified studies include both men and women of all adult ages, there is paucity of studies including younger adults.
3.9.
Implications for clinical practice and future research
Besides being useful in counseling patients with nocturia, these results highlight the burden of nocturia among older men and women compared with younger adults. Those aged over 60 yr were nearly four times more likely to develop nocturia compared with adults aged 40-59 yr. Also, while one out of every eight persons with nocturia reported remission annually, for clinicians and patients, nocturia remains a challenging condition to treat [6, 36] . With the aging of populations worldwide and the well-recognized negative health impact of frequent nocturia [15, 37] , development of novel treatment strategies that are welltolerated should remain a research priority.
Conclusions
Our study summarizes the incidence and remission of nocturia in a general population using data from five low and eight high risk of bias studies. Across all available studies, the incidence of nocturia is 0.4% per year among adults aged < 40 yr, 2.8% among those aged 40-59 yr, and 11.5% among those aged 60 yr, while overall remission is 12.1% per year; estimates, however, varied considerably among studies. These estimates can aid with management decisions and counseling related to nocturia.
